INTRODUCTION
"Radiation Catalysis" is a new problern in radiation chemistry, about which little has been published. This lecture is consequently based on limited information, a considerable amount of which is preliminary. The abstracts of some papers submitted for the sectional meetings of the Congress show that in some cases there is more progress than is shown in our lecture. Naturally, these new data could not be accQunted for, and some problems will be discussed here less extensively than in other papers that will be presented at the Congress.
About a decade ago Veselovsky et al.l and Allen2 found the surfaces of solids to have a sensitizing effect in the reactions of radiation chemistry. At about the sametime investigations began into the effect of radiation on the properties of solid catalysts. Positive effects were discovered; and in some cases the catalytic activity increased considerably upon irradiation. It followed that the changes induced in solids by radiation were factors influencing the chemical conversions of substances adsorbed at solid surfaces.
Chemical reactions occurring in the absence of radiation but with preirradiated catalysts are a special case. The long-lived "centres" generated by radiation at the catalyst surface are active, i.e. there is ordinary heterogeneaus catalysis on radiation-modified catalysts. Processes of this kindwill not be discussed in this paper.
Radiation catalysis, or sensitization of radiation-chemical reactions by the solid surface, will be considered here. I t should be bome in mind, of course, that the changes observed in the surface properties of the solid catalyst during pre-irradiation will be observed in the radiation catalytic processes as weil. Here, in contrast to the former case, the structure imperfections will be "annealed" by radiation so that those which are "reversible" will eventually disappear.
Although the experimental data available are scare, an outline of the principal features of these radiation catalytic effects is possible. Such an attempt, based on published information, is made in this paper. However, the new results which will be reported at this Congress may alter the picture. This lecture should therefore be considered only as an incentive to discussion of the problem.
GENERAL CHARACTERISTICS OF THE EFFECT OF IONIZING

RADIATIONS ON SOLIDS
It is appropriate to begin with a brief outline of some general radiationinduced effects relevant to the subject.
In general deceleration of charged particles by a crystalline substance will be different from the deceleration of individual atoms or molecules, because the valence electrons can go over to the empty band.
On irradiation, additional imperfections will appear on the surface and these may be active in adsorption and catalytic processes.
Two conflicting processes will occur when solid insulators or semiconductors are irradiated (metals will not be considered here)-generation of various new centres of adsorption or catalysis and also their disappearance, i.e. the so-called radiation annealing of defects. These active centres appear at the surface both by direct electron impact and by decay of excitons and diffusion of various species from the gas phase.
The changes induced in a solid by radiation may be classified by the nat1,1re of their relaxation, as follows:
( i) Ionization and excitation of the crystallattice, which do not last after irradia tion has stopped.
( ii) Displacement of atoms and formation of V and F centres. These effects persist long after irradiation has stopped, and yet disappear at a considerable rate when the temperature is increased (annealing of defects). The annealing temperature increases when passing from metals to insulators.
( iii) Nuclear irreversible reactions induced by slow irradiation with neutrons which result in the formation of defects.
( iv) Defects caused by chemical conversions induced by radiations in the solid, such as the decomposition of salts, reduction of oxidized forms, etc.
The crystal structure is affected first when the radiation particle energies are close to the displacement threshold. Then owing to the regular arrangement of atoms in the crystallattice the shock-wave propagates mainly along the directions of the closest packing.
Interstitial atoms are formed in the closely packed row. These lengthen the chain of atoms over several interatomic distances giving rise to 2 "clusters" in which (n + 1) atoms occupy n sites along the closely packed row. Such clusters exist tagether and may move over many intra-atomic distances with the result that surplus atoms with unsaturated valencies interacting with the adsorbed substance may appear tobe present at the surface.
The focusing ofatomic collisions (or the formationofso-called "focusons") is the mechanism responsible for transfer of the impact energy imparted to one of the atoms along the linear chain in the closely packed direction.
There is experimental evidence of formation of defects in solids by radiations of relatively low energy (soft and scattered y-rays, X-rays and 102-1 oa e V electrons) .
Structure defects often arise when the energy of the radi.ation particles is not high enough to displace atoms by elastic collisions. In such a case the lattice destruction is due to ionization and excitation of electrons in the substance.
It has been proved theoretically that when the potential energy of atoms in non-metallic crystals is changed by multiple ionization, the atoms may be interstitially displaced. lonization of a deep electronic shell with a successive Auger cascade is the mostprobable way of obtaining multiple ionized atoms. When reaching the bottarn of a potential well, an atom has several electron volts of excess kinetic energy ( sometimes even as much as 10), acquired as a result of the escape of an Auger electron. Thus, the displaced atom can travel through a distance exceeding the capture radius, and even much greater distances, if the lattice is rarefied in certain directions. Electron transitions are known to occur in a solid irradiated by electrons or gamma-rays. Even in solids with a broad forbidden zonesuch transitions usually require an energy ofnot more than 4 eV3. The electrons and holes in the conduction band may be trapped to form defects of some kind. Such defects at the surface of a solid ( their concentration here is especially high) may interact with the adsorbed molecules. For this interaction to occur the "chemically active" defects of the surface should be sufficiently stable at the given temperature, i.e. their relaxation time must be greater than that required for the elementary act of interaction with the adsorbed molecule. Inasmuch as the reJaxation time of electronic defects depends on the conductivity of the material, metals and good semiconductors may not have suitable properties for radiation catalytic processes connected with ionization of the solid to occur. · The appearance of radiation defects in crystals of semiconductors is accompanied by changes in the equilibrium concentration of charge carriers, due to the latter being trapped by defects, or to ionization.
Displacement of current carriers is from 10 to 100 A, which is a region where up to several thousand molecules are present.
Let us consider the mechanism by which the lattice defects are brought to the surface and become active in radiation catalytic processes. Very likely the mechanism is one of diffusion of positive holes and translocation of electrons. The diffusion ofpositive holes is a very slow process in dielc;ctrics. However, in the radiation field, i.e. in an excited lattice, it might be substantially accelerated. Electrons have sufficient energy to travel fairly lang distances in a solid before the energy decreases to k T and the electrons are trapped or recombine with positive holes. Now let us consider the possible forms ofinteraction between the adsorbed molecules and the non-equilibrium charge carriers trapped by surface centres. One such interaction is the recombination of electrons and holes in the vicinity of an adsorbed molecule, the energy evolved thereby being imparted to the molecule. At relatively high temperatures the probability of this recombination is small. However, in principle, the adsorbed molecules can also receive energy when a photon is emitted or when the lattice is "locally excited" although these processes seem tobe less probable.
Another possible mechanism is the capture of a free charge carrier ( either an electron or a hole) by the adsorbed molecule which undergoes subseq uent chemical conversions. Schematically the mechanism may be represented as follows:
This process is possible when the Ievel of the molecule is within the forbidden zone, i.e. when the molecule represents a trap by itself. 
At certain properties of the medium, the reaction:
is possible. According to Veselovsky this process appears to take place when the y-induced formation of hydrogen peroxide in an aqueous medium is sensitized by a solid zinc oxide surface4. This scheme is also admitted by Preve and MontarnaiS for semiconductor-sensitized oxidation of benzene in aqueous solutions. It is also possible for oxidation of certain salts6.
Another primary process is possible, viz. the adsorption of molecules at positive holes:
Apparently, molecular electrons may be polarized to various degrees up to charge exchange whereby a positive molecular ion is formed, which recombines with an electron:
Which primary process takes place seems to depend on the relation between the molecule and the trap electron affinities and between the ionization potential of the molecule and the ·trap electron affinity. Another consideration is that when a molecular ion is formed the interaction of a molecule with the surface will be essentially altered (polarization forces and other effects).
Finally, the positive ion formed in process ( 4) may in certain cases interact with the neighbouring molecules: (6) An electron may recombine with a M2 + ion and radicals other than in process (5) may form:
When irradiation is by heavy particles, e.g. by IX-fragments of nuclear fission or by !X-particles, the picture is more complicated and needs special consideration. The same is true ofirradiation by neutrons which will not be dealt with here.
RAD lA TION CHEMISORPTION OF HYDROGEN
Chemisorption is a simple heterophase process induced by radiation. The effect of radiation on chemisorption of various gases at the surface of silica gels has been reported by Iablev and Starodubzev 7 • It was shown that the behaviour of radiation-induced defects is different from that of ordinary silica gel surface defects. The radiation-induced defects taking part in adsorption disappear as a result of "radiation annealing", whereas "tempera-HETEROGENEOUS PROCESSES IN RADIATION CA TAL YSIS ture-induced defects" are enhanced by increase in temperature. Hydrogen will be adsorbed firmly on alumina at room temperature only after irradiation by y-rayss.
An after-effect is observed for the chemisorption of hydrogen, i.e. the adsorption centres stabilized at a Iow temperature interact with hydrogen when the temperature is increased.
The rate of the radiation-induced adsorption of hygrogen is proportional to the square root of the pressure and to the number of vacant adsorption centres.
Adsorption is obviously accompanied by dissociation of molecules into atoms. The latter are bound to the surface by chemical forces, therefore, for ex.ample, hydrogen atoms cannot be detected on alumina by the electron spin resonance technique. The energy of the ultraviolet quanta-producing desorption of radiation-adsorbed hydrogen amounts to 3-3·5 eV, which corresponds to the -OH type ofbond9. The rate of desorption varies as the square of the concentration of adsorbed atomslO, The number of adsorption centres estimated from sorption kinetic data is about 3 centres per 100 eVll.
Two types of adsorbed centres may appear, since both electron donors (hydrogen, ethylene) and electron acceptors (oxygen, carbon dioxide), are chemisor bed a t the same surface of alumina under the action of radia tion.
Adsorption yields, i.e. Gg 2 , calculated with respect to the energy imparted to the solid, were 0·5-2 molecules per 100 eV.
The activation energy of adsorption is about 2 kcalfmole in the temperature range of 77-197°K. The adsorption centres are short-lived, and no after-effect is observed.
Chemisorption and isotope exchange when induced in hydrogen by radiation are described by the same kinetic equations. Apparently these proceed by the same mechanism, the hydrogen molecules undergoing dissociation to interact with the absorbed atoms9,12, PROCESSES IN RADIATION CATALYSIS Many different chemical reactions are known to proceed by the action of radiation on adsorbed substances, the reaction yields exceeding the respective values for the homogeneaus phase ( allowing only for the energy taken up by adsorbed molecules) (see Table 1 ).
Here G(-M)ad. is the yield of radiolysis of the initial molecules, calculated with respect to the radiation energy taken up by the adsorbed substance only; G(-Mhet. is the yield calculated with respect to the energy taken up by both the substance and the ~orbent; G(-Mhom. is the yield in the homogeneaus phase-gas, liquid or solid.
These values might be imprecise in many cases; however the value of G(-M)ad. nearly always exceeds that of G(-M)hom. in most cases. This seems to be evidence that the energy taken up by the solid sorbent was transferred to the adsorbed substance.
In some cases the G(-Mhet./G(-M)hom. ratio is close to unity, and sometimes even higher. This seems to show that the radiation energy is sometimes more efficient when taken up by the sorbent than by the reacting substance.
The energy is transferred from the sorbent mainly to the first monomolecular layer of the adsorbed su bstance. This has been shown by Caffrey and As pointed out by several workers, the phenomenon of radiation-induced catalysis may be connected with ionization processes in the solid and with the trapperl non-equilibrium charge carriers (electrons or holes).
There seems to be some evidence for interaction of such species with adsorbed molecules. The experiments reported by Kohn for instance50 show that silica crystals coloured under the action of X-rays and y-rays will lose their colour by adsorption of hydrogen. Decolouration has also been observed in the case of y-irradiated silica gel adsorbing azoethane, with subsequent decomposition of the latter51.
The paramagnetic centres formed by irradiation of sorbents are often quite stable. It follows from the data reported by Hentz52, for instance, that isopropyl benzene undergoes decomposition on y-preirradiated aluminosilicate, even if the irradiated specimens have been kept for a long time at room temperature.
It was mentioned that experiments on the radiation-induced chemisorption of hydrogen have shown that short-lived active centres will persist at low temperatures and interact with hydrogen when heateds. This stabilization seems to be accounted for by capture of free carriers in different traps. Heating can release the electrons from these traps when their Ievels are close enough to the lower edge of the conduction band or when the level of the adsorbed molecules is within the forbidden zone.
There is reason to suggest that transfer of energy from the sorbent to adsorbed molecules is connected with the appearance in the solid ofrather unstable species of the "captured electron-hole" type.
The existence of such a connection is exemplified by Sorokin, Kotov and Pshezhetsky for radiolysis of ammonia adsorbed on zeolites27. Figure 3 shows 
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Surface coverage. Figure 3 . E.S.R. spectra and nurober of spins per gram of total weight as a function of surface coverage e.s.r. spectra of paramagmetic species induced by y-rays. Singlet3 corresponds to the paramagnetic centres of zeolite (sodium form): spectnm (2) to the adsorbed NH2 radical and spectra (1) and (1a) present a superposition pattern. The concentrations of these species are shovvn by curves (1), (2) and (3) respectively.
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It is evident from Figure 3 that as the amount of adsorbed ammonia goes up, that of paramagnetic centres in zeolite goes down ( curve 3), whereas the amount of NH2 radicals rises correspondingly ( curve 2). Eventually when the surface is covered with ammonia to a certain extent, no further paramagnetic centres are formed in zeolite by irradiation, and the spectrum shows only NH2 radicals. Thus, adefinite relation can be traced here between the unstable species yielded by ionization of the sorbent and dissociation of adsorbed ammonia to radicals. The process may be postulated as:
The energy ratio controlling these processes may be seen from the simplified scheme of Figure 4 . When E 1 is about 5-6 e V, and Ea is the electron affinity of the molecule, 1-2 eV, then Es = E1 -Ea = 4-5 eV-a value sufficient for dissociation of the molecule to radicals. On the other hand, when E 1 is about 3-4 eV (in semiconductors such as zinc oxide or germanium, for instance) there is little probability that the molecules adsorbed on the semiconductor will dissociate by energy of electron and hole recombination. Indeed experimental evidence shows that semiconductors with a relatively narrow forbidden zone are ineffective for chemical processes involved in the dissociation of adsorbed molecules. This has been clearly shown by Zhabrova et al. 37 for dehydrogenation of cyclohexane. Dielectric substances, such as silica gel, alumina and alumino silicate, appeared to be most active. Semiconducting oxides ( zinc oxide and nicke I oxide) were far less active. Similar results have been obtained by Rabe, Rabe and Allen51 for decomposition of azoethane. The higher activity of dielectrics is apparently true for cases when the chemical reaction starts by dissociation of the adsorbed molecules. When, however, the chemical process is initiated by reactions with ions formed at the surface, a wide forbidden zone does not seem tobe a necessary condition.
When, for instance, negative 02 ions are formed, the process will be more efficient if transition of electrons from the sorbent to the adsorbed oxygen molecules occurs readily.
According to Preve and Montornal5, good semiconductors such as zinc oxide, zinc sulphide, thorium oxide, cupric oxide and nicke! oxide are also good sensitizers ofbenzene oxidation in aqueous solutions. On theother hand, silica, alumina, magnesium oxide and calcium oxid~ fail to sensitize this process. The most efficient sensitizer is zinc oxide, for which G = 16, compared with G = 6 for a homogeneous process.
The radiation-induced low-temperature polymerization of certain monomers in the presence of solid oxides might also belong to radiation-induced catalytic processes connected with transition of electrons from the adsorbent to adsorbed moledules.
Thus it may be concluded that in the case ofreactions involving radicals the energy is transferred from the sorbent in amounts not smaller than the value ofthe dissociation energy ofthe molecules, i.e. 4-5 eV. Such transfer of energy may occur mainly by recombination of non-equilibrium charge carriers. Crystals with a forbidden zone width about 6-7 eV, i.e. dielectrics or poor semiconductors, ma y appear tobe effective, whereas reactions starting with capture of electrons by adsorbed molecules to form negative ions, or with dissociation of molecules upon taking up an electron, are more effectively sensitized by substances for which the energy of electron transition is relatively low. This is particularly true for good semiconductors with a narrow forbidden zone.
ADSORPTION OF RADICALS AND POSSIBLE "CENTRES" OF RADIATION CATALYSIS
Since the radicals formed by irradiation are fixed by the e.s.r. method, they are not bound to the surface of the sorbent by their unpaired electron, i.e. by chemical forces. However certain differep.ces in the e.s.r. spectra of adsorbed radicals as compared to those for molecular matrices, suggest that the nature of motion of free radicals in the adsorbed state is different from that for the solid matrix. It appears that in the adsorbed state their rotational motionloses some degrees of freedom27, 53. Thus the radicals are more firmly bound with the sorbent surface than with the molecular matrix.. In fact, according to Kazansky and Pariisky53 the temperature corresponding to the disappearance of ethyl radicals adsorbed on silica gel is 100° higher than that for solid ethane. NHz radicals adsorbedon Zeolite (slightcoverage) also start recombining at a temperature 100° higher than that for the solid ammonia matrix. This is evidence that surface diffusion is a very difficult process. As the surface becomes gradually covered with ammonia, the radical recombination temperature decreases and approaches the temperature of recombination in a molecular matrix27. Thus radicals are more rigidly fixed at the surface of sorbents than in molecular matrices. This is possibly due to formation of hydrogen bonds or some other type of bonds.
The question arises as to whether radiation-induced catalysis may be connected with certain definite surface sites.
It may be pointed out that a low degree of coverage is most effective for radiation-induced catalytic processes. This is exemplified by sharply even before the layer becomes monomolecular ( the "monomolecular layer" corresponds to adsorption of one NH3 molecule per Na+ ion). From these data too the calcium from zeolite appears to be catalytically inactive in the process, since the yields per Na+ ion are nearly equal in the case of a puresodiumform (A) and for the form in which about 60 per cent of the Na+ ions are replaced by Ca++ ions(B). That the substitution ofsodium ions in zeolites with other ions affects the radiation-induced catalytic activity has also been observed for radiolysis of pentane35 and cyclohexane38. E.s.r. spectra of these two types of y-irradiated zeolites reveal that the nature of their paramagnetic centres is different. In the case of the sodium form the centres ofradiation-induced catalysis seem tobe ofthe V type and are similar to those formed by irradiation of silica-gel containing some aluminium atoms55. The only difference is that in irradiated silica gel the unpaired electron is almost completely localized on the oxygen atom56, whereas in zeolite it appears tobe delocalized, occupying a position between the oxygen atom and the cation. This may be seen, in particular, from broadening ofthe e.s.r. sextet components and ofthe total width ofthe e.s.r. spectrum. The e.s.r. spectrum of the calcium form of y-irradiated zeolite differs from that ofthe sodium formbothin structure andin width. Analysis of this spectrum shows that it rnust be ascribed to a different paramagnetic forrnation. The e.s.r. spectra and suggested structures of the respective paramagnetic "centres" according to Sorokin, Kotov and Pshezhetsky54 are presented in Figure 7 . H - Figure 7 . E.S.R. spectra of y-irradiated zeolites and proposed structures of radiationcatalysis "centres"
SELECTIVITY OF "RADIATION-CATALYTIC" PROCESSES The probability of recombination varies for the different particles adsorbed. This may have an. effect on the composition and yield of products. As compared to radiolysis in the homogeneous phase, radiation ofthe sorbent surface may have a markedly selective effect.
There is some evidence for effects of this kind. For example, Variation in the composition of the products depending on the degree of sorbent coverage has been reported by Sutherland and Allen for radiolysis of adsorbed pentane35. According to Hentz52, the ratio of hydrogen to methane yields is different for radiolysis of isopropyl benzenein the liquid phase and in the adsorbed state. The radiation-induced catalytic dehydrogenation of cyclohexane was reported by Zhabrova et a [.37 to have a selective tendency.
In the radiolysis of normal heptane on alumina no unsaturated compounds are formed. Isomerie hydrocarbons are formed in considerable amounts on alumino-molybdenum and alumino-cobaltomolybdenum catalysts39, 41 .
The process ofhydrazine formation is highly selective during the radiolysis of ammonia adsorbed on zeolite49. On radiolysis of ammonia homogeneous in the homogenous phase, nitrogen is formed in considerable quantities together with hydrazine. On the other hand, the amount of hydrogen liberated by radiation-induced catalysis under certain conditions is almost exactly equal to the amount of the hydrazine formed, i.e. the process is highly selective. As the degree of surface covered with the sorbate increases, the selectivity of the process diminishes and when coverage attains several per cent by weight a significant formation of nitrogen is observed 49 .
CHAIN PROCESSES IN RADIATION CATALYSIS
Heterogeneaus sensitizers have a significant effect on radiation-induced chain reactions. One of the most studied processes ofthat kind is the polymerization of unsaturated hydrocarbons. For instance, the total energy taken up by the system in the polymerization of ethylene on such catalysts as zeolites, silica, alumina and chromium trioxide Cr20a, is aboutt en times higher than for a homogeneous process39, 43. A lesser effect is obtained on zinc oxide. According to Mezhirova et al. the rate of radiation-induced polymerization of acrylonitrile in the presence ofmagnesium oxide is likewise about an order of magnitude higher4 4 .
Higher carboxylic acids are synthesized from ethylene and carbon dioxide in the presence of alumina with yields as high as Ghet.<-c 2 H 4 ) ~ 103, calculated with respect to the radiation energy taken up by the overallheterogeneaus system46f. The carboxylic acids formed consist of about 100 molecules ofthe monomer ( ethylene). The yield in "centres" initiating the chain reaction is about 10.
The considerable effect of a heterogeneaus sensitizer in radiation-induced polymerization can hardly be accounted for solely by increase in the efficiency of initiation. On the assumption that these centres are only formed in primary ionization processes ( or dissociative ionization) and that the entire energy taken up by the sorbent is transferred to the adsorbed molecules, the maximum effect cannot possibly exceed the ratio of 3:4 of energies for ionization of molecules and the sorbent. In certain cases the yields have been found to increase by a factor ofseveral tens. The observed effects should therefore probably also be ascribed to a relative diminishing of chain termination. I t would seem that these chains are developed in the layer adsorbed on the catalyst surface. Owing to lower mobility in the adsorbed layer, chain termination would be less pronounced here. In some cases the molecular weight of the polymer has been found to increase considerably compared with a homogeneaus process in the course of radiation-induced catalytic polymerization. This has been found, for instance, for acrylonitrile and methyl methacrylate44.
The presence of oxide catalysts induces changes in kinetic characteristics of other chain processes as well, An example is the radiolysis of heptane adsorbed on alumina39, A comparison of homogeneous13 and heterogeneous22 radiolysis might be made from Figure 8 (after Kolbanovsky, Pepeliaev and Polak39). A sharp increase in the yield with rising temperature is characteristic of the process. The activation energy also shows a marked increase. These variations seem to correspond to a chain process. The temperature at which the transition to a chain mechanism takes place is lower in the presence of the catalyst as compared to a radiation-induced homogeneaus process. The activation energy will also be lower. It may be suggested that transfer of radiation energy to adsorbed radicals contributes to their dissociation. The chain processes also seem to occur in the layer on the alumina surface.
E'-14 kcat/mote c-c4 Figure 8 . Logarithm of the reaction rate as a function of the temperature reciprocal A thorough investigation of the radiation-induced catalytic oxidation of hydrocarbons on silica and alumina (Kohn and Taylor57) has secured data suggesting a chain mechanism for these processes. For instance the amount of oxygen addition to hexane is Ghet<-0 2 )~100 molecules per 100 eV of the energy taken up by the overall system. This seems to indicate a chain process, which may consist in the transfer offree valence in the surface layer. However, the mechanism of propagation of such a chain is not clear. Investigation of the intermediate radicals stabilized at the surface may furnish some indication as to the propagation mechanism of this kind of reaction. An example of heterogeneaus sensitization of chain reactions in the liquid phase is the acceleration of hydrogen peroxide decomposition by y-radiation in the presence of zinc oxide and ferric oxide suspensionsl, 29. In the presence of theseheterogeneaus sensitizers the rate of the process will increase several times.
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I t seems to be a general feature of radiation-induced chain reaction catalysis that the observed increase in their rate and radiation yields can hardly be accounted for solely by increase in the efficiency of initiation. The available evidence seems to show that propagation of a chain reaction in the adsorbed layer displays some characteristic features, among them being the reduction of chain termination owing to a " morerigid" fixation of molecules. There may also exist a specific mechanism of chain development, peculiar to "pre-oriented" molecules only, which is similar to that which seems to govern the polymerization of certain monomers in the solid phase.
RADIOACTIVE CATALYSTS
Attention has been given recently by Baiandin and Spitzyn to the study of catalytic activity and adsorptive properties of certain catalysts with ß-ray emitters introduced in their preparation58, 59, It was shown that the catalytic activity of sodium sulphate, magnesium sulphate and tricalcium phosphate ( containing 35S, 45Ca, and 32P) in the dehydration of cyclohexanol and isopropanol increased with specific radioactivity of the catalyst and the intensity of ß-radiation. At the same time the apparent activation energy decreased by 1-2 kcal, which is about 10 per cetn of the activation energy for non-radioactive specimens. The question as to the mechanism underlying the effect of this internal irradiation of catalysts is not yet sufficiently clear. As the apparent activation energy of the reaction is rather considerable (15-20 kcalfmole) and differs but slightly from the activation energy for respective non-radioactive catalysts, it appears that the mechanism of energy transfer discussed above is not valid here. In fact, experiments by Krohn and Smith on external X-ray irradiation of similar catalysts for the same reaction, at radiation doses corresponding to the radiation of the isotopes introduced, showed no effects such as have been observed with internally irradiated catalysts60, As suggested by Spitzyn et al. 61 and by Baru and Volkenstein62 the surface charge may play apart in the observed catalytic effects, However, the creation of a "macroscopic" surface potential high enough to affect the chemical process is very unlikely. Some "microcentres", charge carriers, may appear at the surface in this case. Further investigations on the properties of radioactive catalysts are of undoubted interest as they may open up new possibilities for the use of radioactive isotopes in heterogeneaus catalysis.
CONCLUSION
The rather limited evidence available in the field of radiation-induced catalysis has been examined here with respect to excitation, ionization and recombination offree charge carriers formed by irradiation ofsolid catalysts, dielectrics or semiconductors. A considerable proportion of this evidence may be explained when considered from this viewpoint. However there is evidence of effects other than the catalytic ones. The role of stable defects with respect to displacements, vacancies, temperature peals, photons emitted in recombination processes, and some specific surface effectscharging, disturbances of the periodicity of the surface potential, etc.-remain obscure.
A thorough study of radiation-induced catalytic processes is necessary for elucidating these problems. There is reason to believe that efforts in this direction will be justified both from a theoretical and from a practical point of view since these processes may open up wide possibilities for use of nuclear and other powerful radiations in the chemical industry.
